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CLAIMS : 

What is claimed is: 

1. A microcontroller comprising: 

(a) a processor for sequentially executing a plurality of tasks in accordance 
with programmed instructions, said processor operating in conjunction with a 
plurality of hardware engines; 

(b) a task management table for storing task management information including 
(1) state information representative of the execution status of each said task, 
(ii) priority information representative of the execution priority of each said 
task, and (iii) allocation information representative of the allocation of said 
plurality of tasks to said plurality of hardware engines; and 

(c) a scheduler for allowing, on the basis of said task management information, 
said processor to switch between tasks, wherein each said plurality of hardware 
engines starts execution of a data process upon the activation by said 
processor and, if said data process is terminated, informs said scheduler of 
the termination of execution, and said scheduler allows said processor to 
switch between tasks if the termination of execution of any one of said 
hardware engines is detected. 

2. The microcontroller according to claim 1, wherein each said task can be in 
one of a first state representative of an execution wait status, a second state 
representative of a running status, and a third state representative of a wait 
status awaiting the termination of execution of a hardware engine allocated 
thereto. 

3. The microcontroller according to claim 2, wherein when during execution of a 
task of said plurality of tasks said processor activates a hardware engine 
allocated to said task under execution before decoding a given instruction, 
said processor performs a function of updating said state information so that 
said task makes a state transition from said second state to said third state. 

4. The microcontroller according to claim 2, 
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ART-UNIT: 237 

PRIMARY- EXAMINER: Shaw; Gareth D. 
ASSISTANT- EXAMINER: Chirlin; Sydney R. 

ABSTRACT : 

A program scheduler is provided for use with a multiprocessor system or its equivalent, 
such as a multiprogrammed processor unit, and the program scheduler receives tasks to 
be executed, schedules them for assignment, allots a task to each processor and 
interrupts the processors to assign new tasks. The program sc heduler includes a 
plurality of buckets or tables where task words are stored, and associated with each 
task word is a T.sub.e field which specifies the estimated processor time required to 
complete the task and a T.sub.d field which indicates the time remaining before the 
task must be completed. The ratio T.sub.e /T.sub. d provides an indication of the need 
of each task word for processor service since the need for such service becomes more 
urgent as the ratio approaches 1. A scheduling algorithm periodically recalculates the 
service ratio and shifts tasks, if need be, from one table to another whereby tasks 
with a similar service ratio are stored in a common table. Task words within a given 
table are divided into classes according to the length of time a task has not received 
service. An allocation algorithm allots tasks to processors from the older classes 
first and proceeds in sequence through the various classes to the latest classes. Both 
the scheduling algorithm and the allocation algorithm service all tables in the program 
scheduler, but the tables with higher service ratios are serviced more often by each 
algorithm than tables with lower service ratios. When many task words are awaiting 
processor service, a given task word receives processor service at a rather low 
frequency when it has a small service ratio, but it receives processor service at a 
relatively high frequency as its service ratio approaches 1. 
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said scheduler including: 

a determination unit for identifying, when the execution of any one of said 
plurality of hardware engines is terminated, a task allocated to said 
execution-terminated hardware engine on the basis of said task management 
information; and 

a state controller which performs, upon being activated by said determination 
unit, a function of updating said state information so that said identified 
task makes a state transition from said third state to said first state. 

5. The microcontroller according to claim 4, wherein said state controller 
performs, upon being activated by said determination unit, a function of 
updating said state information so that a task under execution makes a state 
transition from said second state to said first state. 

6. The microcontroller according to claim 4, wherein said scheduler further 
includes a priority encoder for selecting, on the basis of said task management 
information, a task having the highest execution priority in all tasks that are 
in said first state as a task to be run next. 

7. The microcontroller according to claim 6, wherein said state controller 
further performs a function of updating said state information so that said 
task selected by said priority encoder makes a state transition from said first 
state to said second state. 

8. The microcontroller according to claim 1, wherein said task management table 
has a region in which to save resources of said processor concerning a task 
that was run prior to the occurrence of the aforesaid task switching. 

9. The microcontroller according to claim 1 further comprising a plurality of 
register files for use by said plurality of hardware engines as mutually 
independent working areas. 

10. The microcontroller according to claim 1 further comprising a register file 
used to store a setting parameter common to at least two of said plurality of 
hardware engines. 

11. A data processing system comprising: 

a plurality of hardwaxfi-fiirgines for executing respective data processes; and 
a microcontroller for controlling said plurality of hardw are en gines; 
said microcontroller including: 

a processor for sequentially executing a plurality of tasks in accordance with 
programmed instructions, said processor operating in conjunction with said 
plurality of hardware engines; 

a task management table for storing task management information including (i) 
state information representative of the execution status of each said task, 
(ii) priority information representative of the execution priority of each said 
task, and (iii) allocation information representative of the allocation of said 
plurality of tasks to hardware engines; and 

a scheduler for allowing, on the basis of said task management information, 
said processor to switch between tasks, wherein each said plurality of hardware 
engines starts execution of a data process upon the activation by said 
processor and, if said data process is terminated, informs said scheduler of 
the termination of execution, and said scheduler allows said processor to 
switch between tasks if the termination of execution of any one of said 
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hardware engines is detected. 

12. The data processing system according to claim 11, wherein each said task 
can be in one of a first state representative of an execution wait status, a 
second state representative of a running status, and a third state 
representative of a wait status awaiting the termination of execution of a 
hardware engine allocated thereto. 

13. The data processing system according to claim 11, wherein each of said 
plurality of hardware engines is a subprocessing core for MPEG image data 
encoding. 

14. A task switching control method including allocating one or more tasks to 
corresponding hardware engines and controlling, based on information about such 
task/hardware engine allocation, task switching by the use of a scheduler, 
wherein: 

each said hardware engines starts execution of a data process upon the 
activation by a processor and, if said data process is terminated, informs said 
scheduler of the termination of execution; 

each said task can be in one of a first state representative of an execution 
wait status, a second state representative of a running status, and a third 
state representative of a wait status awaiting the termination of execution of 
a hardware engine allocated thereto; and 

when the execution of any one of said hardware engines is terminated, said 
scheduler changes the state of a task allocated to said executon-terminated 
hardware engine from said third state to said first state so as to allow said 
processor to switch between tasks. 

15. The method according to claim 14, wherein when the execution of a hardware 
engine is terminated, the state of a task under execution is changed from said 
second state to said first state. 
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PR I MARY -EXAMINER : Shaw; Gareth D. 
ASSISTANT- EXAMINER : Chirlin; Sydney R. 



ABSTRACT : 

A program scheduler is provided for use with a multiprocessor system or its equivalent, 
such as a multiprogrammed processor unit, and the program scheduler receives tasks to 
be executed, schedules them for assignment, allots a task to each processor and 
interrupts the processors to assign new tasks. The program scheduler includes a 
plurality of buckets or tables where task words are stored, and associated with each 
task word is a T.sub.e field which specifies the estimated processor time required to 
complete the task and a T.sub.d field which indicates the time remaining before the 
task must be completed. The ratio T.sub.e /T.sub. d provides an indication of the need 
of each task word for processor service since the need for such service becomes more 
urgent as the ratio approaches 1. A scheduling algorithm periodically recalculates the 
service ratio and shifts tasks, if need be, from one table to another whereby tasks 
with a similar service ratio are stored in a common table. Task words within a given 
table are divided into classes according to the length of time a task has not received 
service. An allocation algorithm allots tasks to processors from the older classes 
first and proceeds in sequence through the various classes to the latest classes. Both 
the scheduling algorithm and the allocation algorithm service all tables in the program 
scheduler, but the tables with higher service ratios are serviced more often by each 
algorithm than tables with lower service ratios. When many task words are awaiting 
processor service, a given task word receives processor service at a rather low 
frequency when it has a small service ratio, but it receives processor service at a 
relatively high frequency as its service ratio approaches 1. 

40 Claims, 65 Drawing figures 
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